Summary. Circulating concentrations of progesterone, progesterone-binding plasma proteins (PBPP) and oestradiol-17\g=b\ in pregnant porcupines remained relatively low until Days 25\p=n-\30post coitum. Progesterone values peaked (102\p=n-\180ng/ml; N=3) 42\p=n-\60 days post coitum and the rapid increase in oestradiol-17\g=b\ concentrations approximated that of progesterone with peak values (170\p=n-\210pg/ml) being attained 60\p=n-\85days post coitum. The pattern of PBPP synthesis, as suggested by circulating concentrations, was closely related to that of plasma progesterone, with values remaining low (<20pmol/ml) until Day 31 post coitum, reaching peak levels at Days 50\p=n-\56 and Days 73\p=n-\77 post coitum. The production of PBPP during pregnancy is, as in related New World hystricomorph species, considered to be a mechanism which facilitates a reduction in the rate of progesterone metabolism during pregnancy.
Introduction
No published information is available on the endocrinology of pregnancy of Old World porcupines (Family Hystricidae). The reproductive characteristics of the Cape porcupine (Hystrix afri¬ caeaustralis) conform to those of New World hystricomorph rodents: females are polyoestrous, conceive only once a year and pregnancy lasts 93-94 days (van Aarde, 1984 Aarde, ,1985a .
Circulating concentrations of progesterone in New World hystricomorph rodents are higher than those recorded in other rodents and most other mammals (Tam, 1974) . Mechanisms involved in supplementing the production of progesterone by the primary corpora lutea include the forma¬ tion of accessory corpora lutea, the assumption of an endocrine role by the placenta (Tam, 1974) and the production of high-affinity binding proteins (Heap & Illingworth, 1974) . High-affinity pro¬ gesterone-binding proteins have been identified in several New World hystricomorph rodents, but were not detected in murids, rabbits, ferrets, pigs, sheep or women (Heap & Illingworth, 1974; Heap, Ackland & Weir, 1981) . The production of these proteins apparently buffers the effects of rapid steroid metabolism.
The present paper reports on plasma concentrations of progesterone, progesterone-binding proteins and oestradiol-17ß in captive porcupines throughout pregnancy.
Materials and Methods
Blood samples. Females housed with males in semi-outdoor concrete enclosures at the University of Pretoria as described by van Aarde (1985a, b) Lowry, Rosebrough, Farr & Randall (1951) .
Radioimmunoassay ofprogesterone. Duplicate plasma aliquants (0-01-0-05 ml) were extracted with 20 ml petroleum ether (Saarchem (Pty) Ltd, Krugersdorp, South Africa) after the addition of 01 ml NaOH (600 mM) to denature PBPP (Challis, Heap & Illingworth, 1971) . Progesterone was measured by the procedure described previously (Haresign, Foster, Haynes, Crighton & Lamming, 1975 ; van Aarde, 1985c) . Specificity of the antiserum (Specific Antisera Ltd, Wilmslow, U.K.) has been described by Furr (1973) . Sensitivity of assays ranged from 016 to 0-73 ng/ml (0-49 + 0-21 s.d.; = 1) and buffer blanks contained 0-46 +0-26 ng progesterone equiv./ml. Heating of plasma pools from pregnant females (30 min at 60°C) in an attempt to denature binding proteins did not improve recovery estimates (24-1% compared with 24-7% for untreated samples) but the addition of 01 ml NaOH 10 min before extraction increased recovery estimates in the same samples to 69-6 + 8-9%. Intra-and interassay coefficients of variation were 4-3 and 9-7% respectively.
Radioimmunoassay of oestradiol-17ß. Duplicate plasma samples (10 ml), reagent blanks and tritiated steroid recovery samples were extracted with 40ml diethyl ether (Merck, Darmstadt, F.R.G.) by shaking the mixtures thoroughly for 5 min on a multitube vortexer (Model 2601, Scientific Manufacturing Industries, Emeryville, U.S.A.). Oestradiol-17ß concentration was measured by the procedure described by Abraham (1976) and van Aarde (1985c) . Specificity of the antiserum raised in rabbits against oestradiol-6-(0-carboxymethyl)oxime-bovine serum albumin conjugate has been quantified by the supplier (R. P. Millar, Department of Chemical Pathology, University of Cape Town, South Africa) and cross-reactions of other steroids were: oestrone, 001%; pregnanediol, corticosterone, deoxycorticosterone, 17a-hydroxypregnenolone androstene¬ dione, 20u-dihydroprogesterone, progesterone, testosterone and cortisol, 0001%. Sensitivity of 8 assays ranged from 3-7 to 15-8 pg/ml (11-7 + 3-9 s.d.) and buffer blanks contained 8-3 + 2-8 pg oestradiol-17ß equiv./ml. Extraction followed by conception varied from 2-0 to 41 ng/ml (3-2 + 1-0 s.d.; = 3) and were significantly higher (P<001) than values observed (0-5-1-5ng/ml; 0-9 ± 0-5s.d.; N= 6) on days of 'sterile' matings (matings with intact males that were not followed by pregnancy).
Oestradiol-17ß concentrations at conception varied from 22-0 to 34-0 pg/ml (25-3+ 7-6 s.d.; = 3) and remained relatively low until Days 20-25 post coitum (Fig. 1) . The rapid increase in oestradiol-17ß concentrations approximated that of progesterone with peak values (170-210 pg/ml) being attained 60-85 anys post coitum (Fig. 1) (Fig. 2) , but PBPP levels remained low (< 20 pmol/ml; < 319 fmol/mg protein) until Day 31 post coitum, thereafter increasing rapidly to the first (65-6-105-9 pmol/ml; 1025-2053 fmol/mg protein) and second (58-6-114-2 pmol/ml; 1085-2139 fmol/mg protein) peaks. Values remained relatively high (64-7 pmol/ml; 1216 fmol/mg protein) until after parturition, but were below 20-0 pmol/ml (342 fmol/mg protein) at 16 days after birth (Fig. 2) .
Progesterone values (ng/ml) increased linearly and significantly (r2 = 0-81) with an increase in PBPP values (pmol/ml; Fig. 3 ). The molar ratio of PBPP concentrations to progesterone remained below unity throughout pregnancy but increased approximately 10-fold after Day 31 post coitum and remained relatively high (0T64-0-222) throughout the remainder of pregnancy.
Discussion
Basal levels of progesterone at the time of matings which culminated in pregnancies were signifi¬ cantly higher than those recorded during 'sterile' matings, thereby suggesting that priming of the reproductive tract by progesterone may be required for conception, either before, during or after the oestradiol-17ß surge. Gestation lengths in hystricomorphs vary considerably but are longer than those predicted for their body sizes (Weir, 1974) . In the porcupine (gestation length [93] [94] days) the initial period of pregnancy (0-25 days post coitum) is, as in the guinea-pig (Challis et al, 191Ì) , cuis, Galea musteloides (Tam, 1973) , and coypu, Myocastor coypus (Rowlands & Heap, 1966) , characterized by relatively low levels of circulating progesterone when compared to values during later stages of pregnancy. Progesterone values increased rapidly between Days 25 and 40 post coitum and attained maximum values 50-60 days after mating. Rapid increases in pro¬ gesterone concentrations in guinea-pigs after the 15th day of pregnancy are due to decreased progesterone metabolic clearance rate (Illingworth, Heap & Perry, 1970) . Similar increases in the coypu have been ascribed to a 90% decrease in metabolic clearance rate, accompanied by a 3-6-fold increase in progesterone production (Heap & Illingworth, 1974) . Progesterone-binding globulins (PBG) are present in several pregnant hystricomorph rodent species and in the guinea-pig sharp increases in PBG levels coincide with the time when a definite placenta is established (Heap et al, 1981) . This is, however, not the situation in pregnant casiragua (Proechimys guairae) in which PBPP started to increase after the formation of the placenta. In the degù, Octodon degus, and plains viscacha, Lagostomus maximum, levels of these proteins increase before the formation of the placenta (Heap et al, 1981) . Oestradiol-17ß profiles throughout pregnancy in hystricomorph rodents, until now, have been published only for the guinea-pig (Challis et al, 1971) , and peak values (310+ 5-2 pg/ml) were considerably lower than in the porcupine (170-210 pg/ml). Values for captive females sampled serially remained low until Days 20-25 post coitum and the rates of increase were similar to those of progesterone and PBPP. Oestradiol-17ß values, however, remained high until before parturition, while progesterone concentrations were decreasing, and were also higher than those recorded for cyclic females (van Aarde, 1985c) . The observed pattern of oestradiol-17ß secretion during pregnancy in the porcupine, as a result of its sharp increase after the first 20-25 days of pregnancy, is at variance with that observed in most mammals, but similar to the pattern observed in pregnant guinea-pigs. Plasma oestrogen concentrations increase in most mammals during pregnancy (Bedford, Challis, Harrison & Heap, 1972) and Austad, Lunde & Sjaastad (1976) recorded signifi¬ cantly higher levels at mid-pregnancy in the bitch (Cantsfamiliaris) than in the period after oestrus. Circulating levels of hormones do not necessarily reflect their rates of secretion and as yet nothing is known about the metabolism or production of steroids and the relative contribution of the ovary, uterus, placenta and conceptus in the porcupine.
Concentrations of corticosteroid-binding globulin (CBG) or transcortin, with its high affinity for progesterone, occur at extremely high levels in the plasma of pregnant guinea-pigs and are known to be related to high oestrogen concentrations in plasma (Heap & Illingworth, 1974 (Heap et al, 1981 ) and not to CBG or that CBG, if occurring as a result of increasing oestradiol-17ß levels, has func¬ tions other than binding progesterone.
